With ongoing colony losses driven in part by the Varroa mite and the associated 9 exacerbation of virus load, there is an urgent need to protect honey bees (Apis mellifera) from fatal 10 levels of virus infection and from nontarget effects of insecticides used in agricultural settings. A 11 continuously replicating cell line derived from the honey bee would provide a valuable tool for 12 study of molecular mechanisms of virus -host interaction, for screening of antiviral agents for 13 potential use within the hive, and for assessment of the risk of current and candidate insecticides to 14 the honey bee. However, the establishment of a continuously replicating, honey bee cell line has 15 proved challenging. Here we provide an overview of attempts to establish primary and 16 continuously replicating hymenopteran cell lines, methods for establishing honey bee cell lines, 17 challenges associated with the presence of latent viruses (especially Deformed wing virus), in 18 established cell lines and methods to establish virus-free cell lines. We also describe the potential 19 use of honey bee cell lines in conjunction with infectious clones of honey bee viruses for examination 20 of fundamental virology.
3 of 20 slowly in two commercial media, Sf-900™III SFM and EX-CELL 405 [42] . Chan et al. (2010) transduced 85 bee cells using lentivirus, illustrating the use of molecular manipulations for developing immortal 86 cell lines. In this study, insect cell culture media (Grace's and Schneider's) and mammalian cell 87 culture media were compared with the former resulting in higher viability. Cryopreservation of bee 88 cells was also demonstrated for short-term storage. Two media were recommended 89 by Genersch et al. (2013) for the isolation and cultivation of neuronal cells from pupae or adults, and 90 gut cells from pupae [24] . Ju and Ghil used L-15 medium-based honey bee cell (LHB) growth medium 91 and Schneider's insect medium-based honey bee cell (SHB) growth medium with more cells 92 produced in the LHB medium than in SHB medium after six passages. The doubling time in LHB 93 medium was only about eight days [38] . Clearly, identification of a suitable cell culture medium is 94 critical for maintenance of primary cell cultures. 
95
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Cultures are fed every 4 to 14 days (either by adding medium or replacing half, with these final 192 concentrations of antibiotics: 50 U/mL penicillin, 0.05 mg/mL streptomycin).
193
Over 600 honey bee cell cultures have been initiated using various combinations of tissues, 194 media and media additives (Table 3 ). An iterative process was conducted for developing cell lines, 7 of 20 
257
with a few exceptions (e.g Cricket paralysis virus, which has an unusually wide host range). It follows 258 therefore that honey bee viruses will replicate in honey bee-derived cell lines, and potentially in cell 259 lines derived from other hymenopteran species (Table 2 ). The study of bee viruses in cell culture 
290
weakened the cells allowing DWV titers to increase, similar to the situation in honey bees [72, 73] .
291
The AmE-711 cell line was ultimately lost. dilutions into subsequent wells. The wells containing the lowest cell numbers that reached more than 321 40% confluence after 6-8 weeks were transferred into 24-well plates. A total of 115 cell clones were 322 obtained from fifteen 96-well plates and 18 of these tested as negative for Sf-rhabdovirus. Five of the 323 18 virus-free clones were further cultured for 30 passages and three of these clones were confirmed 324 to be virus-free [75] . RNA-seq was used to confirm the absence of reads mapping to the Sf-325 rhabdovirus genome, for the virus-free cell clone, designated Sf-13F12.
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While Sf9 to fresh medium) [83] . Cells were fed every 7 to 10 days with conditioned medium while in the 96-334 well plate and with fresh media after they were transferred into T12.5 flasks. In ongoing research, we 335 are using a similar procedure to isolate individual cell types from cell cultures that may contain both
336
A. tumida and A. mellifera cells at BCIRL. Instead of using conditioned medium from potentially virus-containing parental lines, we generate conditioned medium from actively growing non-bee cell lines 338 (free of bee viruses) and use it to supplement the fresh medium.
339 Maghodia et al. (2017) mentions additional methods that could be applied for cloning of A.
340 mellifera cell lines [74] , although many of these methods have not been attempted with insect cells.
341
One classic method used to isolate insect cell subpopulations that could be applied to honey bee cells,
342
involves soft agar/agarose overlays followed by colony picking. McIntosh and Rechtoris (1974) 
391
The CRISPR/Cas9 gene editing tool, which has been used in several insect cell lines including 408 2) Cell lines derived from hymenopteran species other than Apis mellifera may support the replication 409 of some viruses, but would be suboptimal for the study of honey bee-specific viruses. 
